Double immuno-electron microscopy confirmed that connexin 26 and 32 were co-localized in the same gap junction. These results suggest that connexin 26 and 32 are associated with secretory function and permeability between endpiece cells and that connexin 43 is associated with contraction of the myoepithelial cells that surround intercalated ducts in the rat parotid glands.
I. Introduction
Gap junctions (GJs) are transmembrane sites that directly link adjacent cells and that mediate the intercellular movement of low molecular weight substances such as cAMP and Ca2+. Gap junctional intercellular communication is thought to play an important role in maintenance of homeostasis and coordination of secretion in multicellular organs [15] . GJs often are abundant in exocrine glands. It has been ultrastructurally confirmed that GJs are present between secretory cells in rat parotid (PGs) [6, 8] , submandibular [5] , and sublingual glands [18, 21, 22] as well as in bat PGs [24] .
GJs are composed of connexon, which consist of protein assemblies referred to connexins (CXs). Many different CXs with varying degrees of sequence homology have been found. They are distinguished by reference to the CX molecular weight predicted from the corresponding cDNA [2, 3] .glands consist of a Recently, the distribution and localization of these CXs have been investigated in various organs by use of specific antibodies [4, 9, 12, 14, 16, 23, 26] .
GJs between endpiece cells in exocrine glands consist of a 21kDa protein called connexin26 (CX26) [26] and a 27kDa protein called connexin32 (CX32) [9, 12, 20] , while those in endocrine glands are composed of a 43kDa protein called connexin43 (CX43) [2, 3] . However, there have been only a few reports of CXs expression in rat salivary glands [10, 13, 16, 17] . Muramatsu et al. (1996) showed that CX32 was localized in GJs between endpiece cells and that CX43 was found between myoepithelial cells of rat submandibular and sublingual glands [17] . Hirono et al. (1995) demonstrated immunohistochemically the expression of CX26 and 32 between endpiece cells in rat PGs and that of CX26 in the intercalated duct [10] . However, this localization was not fully clarified at the immunocytochemical level. It is still an open question as to whether CX26 and 32 co-exist in the same GJ. Further, no report has documented the existence of CX43 in PGs, although myoepithelial cells are present on the intercalated duct in PGs [7] .
The purpose of this study was to investigate the distribution and localization of CX26, 32 and 43 in rat PGs by means of immunohistochemistry and immunocytochemistry.
II. Materials and Methods
Animals and tissue preparation PGs were obtained from 32 adult male SpragueDawley rats weighing about 300g that were under deep anesthesia induced by sodium thiopenthal.
After dissection, PGs were quickly frozen in liquid nitrogen and stored labeled particles for CX26 and 32 were observed at GJs between secretory cells of PGs in ultrathin cryosections.
In double immuno-electron micrographs, 5nm particles indicating CX32 and 10 nm gold particles revealing CX26 were found on or contiguous to GJs between endpiece cells (Fig.9) . The number of 5 nm gold particles was relatively greater than that of 10 nm particles. No orderly distribution of both particles was apparent.
IV. Discussion
There have been many morphological investigations on GJs in the salivary glands [18, 21, 22, 25] . GJs exist between acinar cells, between myoepithelial cells, and also between acinar cells and myoepithelial cells, but not between ductal cells [21] . On the other hand, some investigators have suggested the presence of GJs in ductal regions [25] . Recently, immunohistochemical analysis has become available for researching localization and distribution of GJ proteins in salivary glands. Hirono et al. (1995) reported that 21 kDa-GJ protein was localized at intercalated ducts in rat PGs and submandibular glands, but not observed in sublingual glands [10] . Our immunohistochemical results contradict these earlier studies in that we found no positive spots for any CX between ductal cells. Our finding is supported by the results of conventional electron microscopic and freeze-fracturing studies by Nagato and Tandler (1986) [18] and Shimono et al. (1980) [21] who found no GJs between ductal cells.
There are a few previous immunohistochemical studies of CX expression in the salivary glands, that showed CX26, CX32 and CX43 are present in the rat salivary glands [10, 13, 16, 17] .
We previously demonstrated CX localization in the rat submandibular and sublingual glands [17] . The localization, distribution, and frequency of CX32 in submandibular and sublingual glands did not differ significantly. Kuraoka et al. (1994) indicated that CX26 and 32 were co-localized by double immunofluorescence in the same GJs in rat PGs; their data agree with our results [13] .
However, our observations at the optical microscopic level might allow for varying interpretations. Therefore, we investigated the detailed localization of CX26 and 32 using immuno-electron microscopy to confirm whether both CXs were present in the same GJs. We were able to demonstrate the co-localization of both CXs in the same GJ between endpiece cells. These findings suggest that both CX26 and 32 are closely associated with secretory function in rat PGs. It is still not completely clear why CX26 and 32 are present between endpiece cells. One possibility is that the co-existence of both CX26 and 32 may be associated with phosphorylation.
It has been surmised that CX32 has several phosphorylation sites, whereas CX26 is devoid of them. Further, Barrio et al. (1991) reported that CX26 exhibited different properties compared to CX32, and that the combination of CX26 and 32 resulted in differential control of the permeability of GJs [1]. Therefore, it is possible that phosphorylation of these CXs plays an important role in GJ permeability.
Our results also have shown that immunolabeling for CX26 and 32 was strong between secretory cells and that CX43 was very rare in rat PGs. Muramatsu et al. (1996) have demonstrated immunocytochemically that CX43 is abundant between GJs of myoepithelial cells in rat sublingual glands [17] . Comparing the results in this study with those in our previous study, the frequency of CX43 in PGs was definitely lower than that in both submandibular and sublingual glands. It is well established that myoepithelial cells invest only the intercalated ducts in the mature rat PG, although their processes often extend onto adjacent portions of acini and striated ducts [7, 19] . Thus, the observed localization of CX43 around the intercalated V.
